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(54) Hand off in a cellular commuinication system 

(57) A method of handoff for use at base sites (110) 
of a csllular telephone system for handing off from one 
of the base sites to another one of the base sites at least 
one of a plurality of cellular telephones (102) each trans- 
ceiving data packets and sharing a cellular radio chan- 



nel of the cellular telephone system, which channel may 
be packet-switched or digital. A handoff message is sent 
to one of the active ones of the plurality of cellular tele- 
phones in response to determined system loading or 
signal characteristic, as exemplified in FIG. 7. 
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Description 

Background of the Invention 

The present invention is generally related to cellular 
teiphone systems and more particularly to a method of 
handoff in such systems based upon a determination 
of either system loading or signal characteristic. 

In the prior art cellular telephone systems, a voice 
channel is assigned for the duration of a telephone call 
between two parties. Since both parties are continuous- 
ly listening, either can ascertain that the discussions 
have been terminated and hand-up, thereby freeing up 
the voice channel for another call. Similarly, when mak- 
ing a data call on such prior art cellular telephone sys- 
tems, a voice channel is assigned for the duration of 
each data call. However, data calls may include long pe- 
riods of inactivity during which a radio channel is need- 
lessly tied up. As a result, radio channel spectrum is 
wasted and data calls are relatively expensive. Further- 
more, in such cellular systems, it is important to provide 
radio channels that are adequately robust to sustain a 
communication between parties, and in this respect cel- 
lular systems monitor signal strength and bit error rate, 
for example, to determine whether a "handoff" between 
adjacent base stations is required to maintain the com- 
munication. 

Summary of the Invention 

According to the present invention there is provided 
a method of handoff for use at base sites of a cellular 
telephone system for handing off from one of the base 
sites to another one of the base sites at least one of a 
plurality of cellular telephones each transceiving data 
packets and sharing a cellular packet-switched radio 
channel of the cellular telephone system, said method 
comprising the steps of: storing outbound data packets 
for each active one of the plurality of cellular telephones 
in buffer means; and sending a handoff message to one 
of the active ones of the plurality of cellular telephones 
when the stored number of outbound data packets 
therefor is greater than a predetermined number. 

In another aspect of the present invention there is 
provided a method of handoff for use at base sites of a 
cellular telephone system for handing off from one of the 
base sites to another one of the base sites at least one 
of a plurality of cellular telephones each transceiving da- 
ta packets and sharing a cellular packet-switched radio 
channel of the cellular telephone system, said method 
comprising the steps of: monitoring the number of in- 
bound packets received from all active ones of the plu- 
rality of cellular telephones sharing the cellular packet- 
witched radio channel to determine an inbound rate of 
transfer of data packets; and sending a handoff mes- 
sage to one of the active ones of the plurality of cellular 
telephones when the determined inbound rate of trans- 
fer of data packets is less than -a predetermined inbound 
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rate. 

In a further aspect of the present invention there is 
provided a method of handoff for use at base sites of a 
cellular telephone system for handing off from one of the 
base sites to another one of the base sites at feast one 
of a plurality a plurality of cellular telephones each trans- 
ceiving data packets and sharing a cellular packet- 
switched radio channel of the cellular telephones sys- 
tem, said method comprising the steps of: monitoring 
the number of inbound packets received from all active 
ones of the plurality of cellular telephones sharing the 
cellular packet-switched radio channel to determined an 
inbound rate of transfer of data packets; polling at least 
one of the active ones of the plurality of cellular tele- 
phones when the determined inbound rate of transfer is 
less than a predetermine inbound rate; and sending a 
handoff message to one of the active ones of the plural- 
ity of cellular telephones when the polled one of the ac- 
tive ones of the plurality of cellular telephones does not 
respond. 

In yet another aspect of the present invention there 
is provided a method of handoff for use at base sites of 
a cellular telephone system for handing off from one of 
the base sites to another one of the base sites at least 
one of a plurality of cellular telephones each transceiv- 
ing data packets and sharing a cellular packet-switched 
radio channel of the cellular telephone system, said 
method comprising the steps of: monitoring errors in da- 
ta packets received from each active one of the plurality 
of cellular telephones sharing the cellular packet- 
switched radio channel to determine a bit-error rate 
therefor; determining the signal strength level of each 
active one of the plurality of cellular telephones on the 
cellular packet-switched radio channel; and sending a 
handoff message to one of the active ones of the plural- 
ity of cellular telephones when the determined signal 
strength level therefor is less than a predetermined sig- 
nal strength level and the determined bit-error rate 
therefor is greater than a predetermined bit-error rate. 

In another aspect of the present Invention there is 
provided a method of handoff for use at base sites of a 
cellulartelephone system for handing off from one of the 
base sites to another one of the base sites at least one 
of a plurality of cellular telephones each transceiving da- 
ta packets and sharing a digital cellular radio channel of 
the cellular telephone system, said method comprising 
the steps of: storing outbound data packets for each ac- 
tive one of the plurality of cellular telephones in buffer 
means; and sending a handoff message to one of the 
active ones of the plurality of cellular telephones when 
the stored number of outbound data packets therefor is 
greater than a predetermined number. 

In still yet another aspect of the present invention 
there is provided a method of handoff for use at base 
55 6ites of a cellular telephone system for handing off from 
one of the base sites to another one of the base sites at 
least one of a plurality of cellular telephones each trans- 
ceiving data packets and sharing a digital cellular radio 
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channel of the cellular telephone system, said method 
comprising the steps of: monitoring the number of in- 
bound packets received from all active ones of the plu- 
rality of cellular telephones sharing the digital cellular 
radio channel to determine an inbound rate of transfer 
of data packets; and sending a handoff message to one 
of the active ones of the plurality of cellular telephones 
when the determined inbound rate of transfer of data 
packets is less than a predetermined inbound rate. 

In a further aspect of the present invention there is 
provided a method of handoff for use at base sites of a 
cellular telephone system for handing off from one of the 
base sites to another one of the base sites at least one 
of a plurality of cellulartelephones each transceiving da- 
ta packets and sharing a digital cellular radio channel of 
the cellular telephone system, said method comprising 
the steps of: monitoring the number of inbound packets 
received from all active ones of the plurality of cellular 
telephones sharing the digital cellular radio channel to 
determine an inbound rate of transfer of data packets; 
polling at least one of the active ones of the plurality of 
cellular telephones when the determined inbound rate 
of transfer is less than a predetermine inbound rate; and 
sending a handoff message to one of the active ones of 
the plurality of cellular telephones when the polled one 
of the active ones of the plurality of cellular telephone 
does not respond. 

In still yet a further aspect of the present invention 
there is provided a method of handoff for use at base 
sites of a cellular telephone system for handing off from 
one of the base sites to another one of the base sites at 
least one of a plurality of cellulartelephones each trans- 
ceiving data packets and sharing a digital cellular radio 
channel of the cellular telephone system, said method 
comprising the steps of: monitoring errors in data pack- 
ets received from each active one of the plurality of cel- 
lulartelephones sharing the digital cellular radio channel 
to determine a bit-error rate therefor; determining the 
signal strength level of each active one of the plurality 
of cellulartelephones on the digital cellular radio chan- 
nels; and sending a handoff message to one of the ac- 
tive ones of the plurality of cellulartelephones when the 
determined signal strength level therefor is less than a 
predetermined signal strength level and the determined 
bit-error rate therefor is greater than a predetermined 
bit-error rate. 

Generally, the present invention advantageously 
provides an improved method of handoff for use at base 
sites of a cellular telephone system for handing off from 
one of the base sites to another one of the base sites at 
least one of a plurality of cellular telephones each trans- 
ceiving data packets and sharing a cellular radio chan- 
nel of the cellular telephone system (which channel may 
be packet-switched or digital), and in which a handoff 
message is 6ent to one of the active ones of the plurality 
of cellulartelephones in response to determined system 
loading or signal characteristic. 

Exemplary embodiments of the present invention 



will now be described with reference to the accompany- 
ing drawings. 

Brief Description of the Drawings 
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FIG. 1 is a block diagram of a packet-switched cel- 
lular telephone system that may advantageously utilize 
the present invention. 

FIG. 2 is a detailed block diagram of base site 110 
10 in the packet-switched cellular telephone system of FIG. 
1. 

FIG. 3 is an exploded view of channel data buffers 
221-223 of FIG. 2. 

FIG. 4 is an exploded view of base site control data 
75 buffers 225 of FIG. 2 

Figure 5 is a flow chart for the process used by the 
cellular data telephone 1 02 and base site 11 0 in Figure 
1 for originating a packet-mode call. 

Figure 6 is a flow chart for the process used by the 
20 packet access points 1 52 and 1 53 in Figure 1 for termi- 
nating a packet-mode call to cellular data telephone 
102. 

Figure 7 is a flow chart for the process used by the 
cell site control 142 In Figure 1 tor controlling handoff of 
25 a packet-mode call due to lack of capacity on a packet- 
mode radio channel. 

Figure B is a flow chart for the process used by the 
base site 110 in Figure 1 for detecting data traffic over- 
load on the inbound packet-mode radio channel. 
30 Figure 9 is a flow chart for the process used by the 
cellular data telephone 102 in Figure 1 for reconnecting 
a packet-mode call when it is unable to access a packet- 
mode radio channel. 

Figure 10 shows the structure of messages com- 
35 municated on radio channels of the packet-switched cel- 
lular telephone system in Figure 1. 

Figure 11 is an exploded view of signalling channel 
data buffer 224 in Figure 2. 

40 Description of the Preferred Embodiment 

In Figure 1 , there is illustrated a block diagram of a 
packet-switched cellular telephone system that may ad- 
vantageously utilize the present invention to provide cel- 
45 lular data services to cellular data telephones (CDTs) 
1 02. According to a feature of the present invention, sev- 
eral CDTs 1 02 may be assigned to the same radio chan- 
nel, thereby conserving valuable radio channel spec- 
trum. Furthermore, this and otherfeaturesof the present 
so invention can also be utilized in landline telephone sys- 
tems. 

The packet-switched cellular telephone system in 
Figure 1 includes a cellular switch 140, a plurality of 
base sites 110 and a plurality of CDTs 102. Each base 
55 site 1 1 0 has a plurality of voice and data radio channels 
and at least one signalling radio channel tor providing 
voice and data telephone services in a corresponding 
ceil of the cellular telephone system. The specifications 
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and signalling protocols for the packet -switched cellular 
telephone system in Figure 1 are similar to those for cel- 
lular telephone systems in the U.S.A. are set forth in 
specification IS -3-D by the Electronic Industries Asso- 
ciation (2001 Eye Street, N.W., Washington, D.C., U.S. 
A 20006) and are related to those for digital cellular tel- 
ephone systems in Europe set forth in the specifications 
published by the Special Mobile Group (GSM formed by 
the European Conference of Ports and Telecommunica- 
tion for specifying pan-European digital cellular sys- 
tems). 

Base site 110 in Figure 1 includes a signalling trans- 
ceiver 120 for transceiving supervisory call information 
on a signalling radio channel, a scan receiver 122 for 
scanning radio channels; a plurality of voice and data 
transceivers 118 each operable on a. different radio 
channel; a base site controller 116 for controlling trans- 
ceivers 116, 120 and 122; a transceiver communica- 
tions controller 112 for controlling data communications 
over transceivers 118; and a base site communications 
controller 114 for controlling information data communi- 
cations between base site 110 and cellular switch 140. 
Base 6ite 110 may be a base site of the type described 
in U.S. patent nos. 4,485,486, 4,707,734 and 4,726,050 
or a commercially available B DYNATAC D base station 
manufactured and sold by Motorola, Inc. and described 
in further detail in Motorola instruction manual no. 
68P81069E1 0. entitled "DYNATAC LD Base", and avail- 
able from Motorola C&E Parts, 1313 East Algonquin 
Road, Schaumburg, Illinois 60196, U.S.A. 

CDTs 102 in Figure 1 may be commercially availa- 
ble cellular telephones including a data terminal and a 
cellular modem, such as that shown and described in 
U.S. patent no. 4,697,281. In particular, CDTs 102 may 
be a cellular telephone of the type shown and described 
in U.S. patent no. 4,649,543 and may include a "DYNA- 
TAC" cellular telephone transceiver manufactured and 
sold by Motorola, Inc. and described in further detail in 
Motorola instruction manual no. 68P81070E40, entitled 
"DYNATAC Cellular Mobile Telephone", and available 
from Motorola C&E Parts, 1313 East Algonquin Road, 
Schaumburg, Illinois 60196, U.S. A 

Cellular switch 140 includes cell site control proc- 
essor 142 for controlling base sites 110; call control 
processor 1 46 for controlling telephone call originations, 
terminations and disconnections; data base 1 48 for stor- 
ing CDT telephone numbers and corresponding call fea- 
tures; signalling system no. 7 (SS7) control processor 
150 for controlling communications between cellular 
switch 140 and the landline telephone network (telco) 
and other cellular switches; packet access points 
(PAPs) 1 50 and 1 51 for communicating data packets be- 
tween CDTs 1 02 and the data packet network; and time- 
slot interchange (TSI) and controller 144 tor switching 
information and control data between cell sites 110, cell 
site control processor 142, call control processor 146, 
SS7 control processor 150, T1 span lines 160 and 161 , 
and PAPs 1 50 and 151. 



Cellular switch 140 including blocks 142, 144, 148 
and 150 may be a cellular switch of the type described 
in U.S. patent no. 4,268,722 or one of the commercially 
available "EMX" cellular switches manufactured and 

5 sold by Motorola, Inc. and described in further detail in 
Motorola instruction manual nos. 68P81055E20 entitled 
■EMX 2500" and 68P81052E10, entitled "EMX 
250/500", and available from Motorola C&E Parts, 1 31 3 
East Algonquin Road, Schaumburg, Illinois 60196, U.S. 

10 A 

PAPs 152 and 153 may be implemented as de- 
scribed in the paper entitled "High Capacity DPN Packet 
Switch Architecture", by D.S. Drynan and CD. Wood- 
man and published in the Conference Record for the 
is IEEE/IEICE Global Telecommunications Conference, 
held November 15-18, 1 987 in Tokyo, Japan, Volume 3, 
at pp. 1771-1776. Cellular radio channels assigned to 
packet-mode operation are connected to PAPs 152 and 
1 53 by TSI and controller 1 44 by way of trunks or ports 
20 1 so and 1 51 , respectively. The maximum number of cel- 
lular radio channels which can be assigned to PAPS 1 52 
and 153 is determined by the number of ports 150 and 
151, respectively, which are terminated at each PAR 
Consequently, the number of CDTs 102 active on a PAP 
25 152 or 153 at one time is a function of the number of 
ports 150 or 151 , respectively, and the amount of traffic 
generated to and from the CDTs 102. 

Lines 164 and 165 are 1.544K bits per second T1 
span lines which interconnect base site 110 and cellular 
30 switch 140. These T1 span fines are implemented as 
described in CCITT Document G.733 with the following 
two exceptions: (1 ) all time slots are clear channels i.e., 
the time slots do not contain any trunk signalling infor- 
mation; and (2) one time slot (in each direction) is ded- 
35 icated for common channel signalling. The protocol for 
the common channel signalling can be based on signal- 
ling system 7 (CCITT Q.701 - Q.774) or any other suit- 
able conventional protocol. 

Lines 160 and 161 are 1,544K bits per second T1 
40 span lines which interconnect cellular switch 140 with 
the telco and other cellular telephone switches. These 
Tl span lines are implemented as described in CCITT 
Document G.733. 

In other parts of the world, T1 span lines 160 and 
4$ 161 may be implemented as described in the CCITT 
documents relating to thirty-two channel pulse-code 
modulation. In this implementation, channel sixteen is 
always set aside as the common signalling channel. 
In a CDT originated call, call supervisory informa- 
so tion is passed from the CDT 1 02 via signalling transceiv- 
er 120 to base site controller 116. Base site controller 
116 examines the origination request and assigns CDT 
1 02 to a radio channel which is currently being used for 
packet-mode operation or assigns the CDT 1 02 to a pre- 
ss viously idle radio channel. Base site controller 1 1 6 then 
sends a message to the call controller 146 of cellular 
switch 140 containing information as to the identity of 
CDT 1 02, the described destination (called number), the 
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packet-mode radio channel assigned to CDT 102, and 
which line 164 or 165 and time slot thereof to use. 

Referring to Figure 10, there is illustrated the struc- 
ture of the first word 1001 and the subsequent words 
1002 of segments of messages communicated on the 
radio channels between base site transceivers 118 and 
CDTs 1 02. A message includes a number of segments 
each including first words 1001 followed by a number of 
subsequent words 1002. First word 1001 includes sev- 
en fields 1010-1016. Field 1010 includes three bits 
which are '000° for outbound messages and '1 11" for 
inbound messages. Field 1011 includes one bit which is 
a "1" if the last segment was successfully received and 
a "O" if the last segment was not successfully received. 
Field 1012 is a multi-bit field indicating the number of 
segments in the message. Field 1013 is a multi-bit field 
indicating the number of words per segment. Field 1014 
is a multi-bitfield indicating the number of the last seg- 
ment. Field 1 01 5 is a multi-bit field indicating the mobile 
identification number Field 1016 is a multi-bit field indi- 
cating the parity of all bits of this word according to a 
pre-setected parity code. Similarly, subsequent words 
1002 of a segment include four fields 1020-1023. Field 
1 020 includes one bit which Is a "1 " if this is not the last 
word of a segment and a "0" if this is the last word of a 
segment. Field 1021 is a multi-bit field indicating the 
number of this segment. Field 1022 is a multi-bit field 
indicating the information data or control data being 
communicated. Lastly, field 1023 is a multi-bit field indi- 
cating the parity of all bits of this word according to the 
pre-selected parity code. Words of messages are coded 
and decoded by channel processors 211-213 of base 
site 110. 

In a CDT originated call, call supervisory informa- 
tion is passed to call controller 146 which, in turn, sets 
up the path to the PAP 152 or 153. Once established, 
conventional link set up procedures are used to estab- 
lish the packet circuit conversation. Since PAPs 1 52 and 
1 53 are concentration points which multiplex informa- 
tion onto, and de-multiplex information from the packet 
network, and because packet traffic is bursty in nature, 
the cellular radio channel may be used as an additional 
concentration point for packet-switched traffic. This 
unique feature of the present invention can be done by 
multiplexing multiple CDTs 102 onto the same cellular 
radio channel for accessing the same packet network. 
According to another feature of the present invention, 
radio channels need not be set aside for only for packet 
data services, instead, all radio channels can be used 
for voice, dedicated data or packet-switched data. If the 
channel is used for data, either dedicated or packet- 
switched, the speech processing elements are removed 
from the data path. 

In CDT terminated call, call supervisory information 
is passed-to the PAP 152 or 153 from the packet net- 
work. PAP 1 52 or 153 passes the call supervisory infor- 
mation to call controller 146 and then to cell site control- 
ler 142 which formulates the page message for a data 
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call and sends It to the TSi and controller 144 which in- 
serts the page message into the common channel sig- 
nalling time slot of line 164 or 165. Base site controller 
116 receives the call supervisory information and pass- 
s es it to the signalling transceiver 120 which transmits 
the page message. If the paged CDT 102 detects the 
page message, it responds with a page acknowledge- 
ment message and is then assigned a packet-mode ra- 
dio channel by base site controller 116 via signalling 
10 transceiver 120. CDT 102 then retunes its transceiver 
to the assigned packet-mode radio channel 118 and re- 
ceives the link set up messages from PAP 152 or 153. 
Upon detection of the link set-up messages from PAP 
152 or 153. CDT 102 proceeds with packet-mode oper- 
as ations in accordance with the protocol of the particular 
PAP. CCITT X.25 LAPB protocol is one such protocol 
suitable for this purpose. 

Outbound access to CDT 102 is controlled by the 
transceiver communications controller 112, Information 
20 data (B channel) intended for CDT 1 02 are received by 
base site communications processor 231 via data send/ 
receive processor 232 from cellular switch 140 by way 
of the packet network Control data (D channel) intend- 
ed for CDT 102 can be generated at base site controller 
25 116 or can be generated at cellular switch 1 40." That con- 
trol data generated at cellular switch 140 is sent from 
call controller 146 or cell site controller 142 by way of 
the common signalling channel to base site communi- 
cations processor 231 . Base site communications proc- 
30 essor 1 31 queues the information data in outbound "B n 
channel packets 301 or 305, queues the control data in 
outbound *D° channel packets in channel data buffer 
221 , 222 or 233. The corresponding channel processor 
211, 212 or 213 pulls the information in these buffers 
35 221, 222 and 223 and places the information into the 
data portion of the signalling protocol for.transmission 
by transceivers 201 , 202 or 203. 

Packet traffic to CDTs 102 on packet-mode radio 
channels is queued and controlled by transceiver com- 
40 municatlons controller 112. The messages transmitted 
between CDT 102 and base site transceivers 118 and 
1 20 are similar to these described in the aforementioned 
EIA document IS-3-D. However, control information 
must be inserted into packets at base site 110 since 
45 some of the control information, such as handoff infor- 
mation, will be generated at base site 110. Therefore, 
according to a feature of the present invention, queuing 
will be most efficiently performed at base site 110. The 
important point here is that outbound packet traffic is or- 
so dered and contention free. 

Inbound access to the packet-mode radio channels, 
however, is more complex as several CDTs 1 02 sharing 
the same packet-mode radio channel may want simul- 
taneous access. For inbound access, CDTs 1 02 can op- 
55 erate in one of three modes: (1) polled mode; (2) con- 
tention mode; or (3) mixed contention and polled mode. 
In the polled mode, base site 110 and PAPs. 152 and 
153 have knowledge of which CDTs 102 have been as- 
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signed to packet-mode radio channels since the packet- 
mode call set up has been performed over the signalling 
channel. Hence base site 110 can poll the CDTs thereby 
controlling when they can access the cellular telephone 
system. If CDTs 102 have nothing to send, they simply 
send back a packet indicating this. In all likelihood, min- 
imum length packets from each CDT 102 would contain 
CDT received bit-error rate information. These inbound 
packets would also allow base site 110 to monitor each 
CDPs signal strength and/or bit-error rates on the in- 
bound packet-mode radio channel. 

In the contention mode, inbound packets must con- 
tain some form of identification of the corresponding 
CDT 102. This can be the the CDT's actual identification 
number or it can be formed through some relationship 
with the virtual circuit connection. An important feature 
of any contention-mode protocol is the use of the busy/ 
idle bits on the cellular signalling channel. The busy/idle 
bits would be constantly monitored and acted upon by 
CDTs 102 when an undesired condition is detected in a 
manner like that of the forward and reverse signalling 
channels. In the contention mode, CDTs 102 would ac- 
cess the packet-mode radio channel when they sense 
that It is free and would use the appropriate backoff al- 
gorithms in the event of perceived collisions. 

In a combined mode of contention and polling, 
CDTs 102 normally operate in the contention mode. 
However, if nothing is inbound on the packet-mode radio 
channel, base site 110 may send a system information 
message on the packet-mode data channel indicating 
that it is entering the polling mode and ask a particular 
CDT 1 02 to call In. An immediate response by the polled 
CDT 1 02 would indicate to base site 1 1 0 that the cellular 
telephone system is indeed operational and not tied up 
due to contention. If polled CDT 102 does not respond, 
base site 110 may request another CDT to respond. If 
that CDT does not respond, there may be a malfunction 
in the packet-mode radio channel, and base site con- 
troller 116 then goes through fault data alarm proce- 
dures. 

In the inbound direction, control and information da- 
ta is received by transceiver 201 , 202 or 203 and sent 
to the corresponding channel processor 211, 212 or 
21 3. The channel processor 211 , 21 2 or 21 3 buffers the 
information data in the inbound B channel packets 303 
in channel data buffer 221 , 222 or 223, and the control 
data in the inbound D channel packets 304 in channel 
data buffer 221 , 222 or 223 or the base site inbound con- 
trol packet 402, 405 or 407 in base site controller data 
buffer 225. Base site communications processor 231 
and the base site control processor 215 pull the infor- 
mation from the buffers 221-223 and 225, respectively. 
Base site communications processor 231 send this in- 
formation to cellular switch 140 and base site control 
processor 215 act6 on the received control data- 
in the packet-switched cellular telephone system in 
Figure 1, packet-mode data may be encoded differently 
from dedicated-mode data. In the dedicated mode, data 



in the B channel and D channel is typically interleaved. 
However, in the packet mode, data does not have to be, 
and in this implementation is not interleaved, and it-is 
further identified as either information data or control da- 
s ta. For example, when CDT 1 02 sends messages con- 
cerning the packet-mode radio channel (e.g. received 
bit error rate, request for a handoff, poll responses, etc.), 
, the message is encoded to indicate that it contains con- 
trol information. Consequently, such a message may be 

10 simply received intact and processed by base site 11 0. 
If, however, the message is information data to be rout- 
ed to PAP 1 52 or 1 53 and coupled to the packet network, 
the message is encoded to indicate that it contains in- 
formation data, 

15 Since CDT traffic is being multiplexed on packet- 
mode radio channels, it is always possible that CDT 1 02 
may lose contact with base site 110 while another CDT 
is transmitting. Therefore, CDT 102 may include the ca- 
pability of requesting on the cellular signaling channel 

20 of another base site that it be reconnected with the cor- 
responding PAP 152 or 153. Cellular switch 140, having 
stored the previous routing information for CDT 102, 
may handoff CDT 102 to the new base site and recon- 
nect it to the corresponding PAP 152 or 153. CDT 102 

2S receives the new packet-mode radio channel assign- 
ment by means of a reconnect message. This feature 
of the present invention may be advantageously utilized 
in both the packet mode and the dedicated mode of op- 
eration. 

30 Referring to Figure 2, there is illustrated a detailed 
block diagram of base site 110 in the packet-switched 
cellular telephone system in Figure 1. Base site 110 in- 
cludes base site communications processor 231 , data 
send/receive processor 232, voice and data transceiv- 

35 ers 201-203, channel processors211 -21 3, channel data 
buffers 221-223, signalling transceiver 204, signalling 
channel processor 214, signalling channel data buffer 
224, scan receiver 1 22, base site control processor 21 5, 
and base site control data buffer 225. Information and 

*o control packets are communicated between base site 
110 and cellular switch 140 over lines 164 and 165. 
Packets received by data send/receive processor 232 
are coupled to and stored in the appropriate buffer 
221-225 by base site communications processor 231. 

45 Similarly, packets in buffers 221-225 for cellular switch 
140 are read out and coupled by base site communica- 
tions processor 231 to data send/receive processor 232 
for transmission to cellular switch 140 and/or base site 
control processor 21 5. B channel data packets contain 

bo voice or digital information, and D channel data packets 
contain supervisory and/or control information. 

Referring next to Figures 3, 4 and 11, there is illus- 
trated an exploded view of buffer memory areas for data 
packets in the channel data buffers 221-223, buffer 
memory areas for data packets in the base site control 
data buffer 225, and buffer memory areas for data pack- 
ets in the signalling channel data buffer 224, respective- 
ly. Buffers 221-225 may be dual-port memories of the 
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type shown and described in U.S. patent no. 4,594,657. 
The channel data buffer 223 in Figure 3 includes pack- 
ets in memory areas 301-306 communicated between 
base site communications processor 231 and the cor- 
responding channel processor 213. For each cellular 
data telephone 102 t e.g. CDT no. 1 , for which a call is 
in process, there are four memory areas in the channel 
data buffer in Figure 3, i.e. B channel data outbound 
301 , D channel data outbound 302, B channel data in- 
bound 303, D channel data inbound 304. As explained 
hereinabove, B channel data packets contain voice or 
digital information, and D channel data packets contain 
supervisory and/or control information. 

The base site control data buffer 224 in Figure 4 
includes packets in memory areas 301 -306 communi- 
cated between base site communications processor 
231 and base site control processor 21 5. For each chan- 
nel transceiver 201-203 and for signalling transceiver 
204, there are two memory areas in the channel data 
buffer in Figure 4, i.e. channel 1 control data outbound 
401 , channel 1 control data inbound 402, channel 2 con- 
trol data outbound 403, channel N control data outbound 
404, and channel N control data inbound 405. There is 
one additional memory area 406 containing system 
wide control data packets for all transceivers 201-204. 

The signal channel data buffer 224 in Figure 11 in- 
cludes packets in memory areas 1101 and 1102 com- 
municated between base site communications proces- 
sor 231 and signalling channel processor 214. In this 
case, outbound packets in area 1101 may include page 
messages and channel assignments for CDTs 102 and 
inbound packets in area 1102 may include CDT origina- 
tion messages and CDT registration messages. 

Referring to Figure 5, there is illustrated a flow chart 
for the process used by the CDT 102 and base site 110 
in Figure 1 for originating a packet-mode call. Entering 
at block 502, CDT 102 generates a call origination re- 
quest with a packet mode indication. When used for 
dedicated data or packet-switched data, the speech 
processing elements must be removed from the speech 
path. To make this feasible, a data call indicator is need- 
ed in the call origination request. In the packet-switched 
cellular telephone system in Figure 1, CDTs access 
PAPs 152 and 153 by sending a packet-mode origina- 
tion request message identifying the desired PAP e.g. 
152 on an inbound (forward) set up signalling channel 
and receives a packet-mode radio channel assignment 
reply on the outbound (reverse) set up signalling chan- 
nel. 

Upon reception of the packet-mode origination re- 
quest word from CDT 102 at-base site 110, a check is 
made at decision block 504 to determine if a packet- 
mode radio channel with spare capacity and connected 
to PAP 152 is available, if so, YES branch is taken to 
block 510 where a packet-mode radio channel assign- 
ment message is generated and sent to CDT 102. Next 
at block 512. base site 110 informs cellular switch 140 
that CDT 102 is in the packet mode for billing purposes. 



Returning to decision block 508, if a packet-mode 
radio channel with spare capacity is not available, NO 
branch is taken to block 524 where a new radio channel 
is assigned to packet-mode operation, and a packet- 
s mode radio channel assignment message is generated 
and sent to CDT 102. Next at block 526, base site 110 
sends a port connect message to cellular switch 1 40 for 
connecting the new packet-mode radio channel to the 
requested PAP 1 52 and informs cellular switch 140 that 
10 CDT 102 is in the packet mode for billing purposes. 

Next, program control proceeds from blocks 512 
and 514 to block 514, where CDT 102 acknowledges 
arrival on the assigned packet-mode radio channel and 
indicates the required level of packet service. Then, at 
is decision block 516, a check is made at base site 110 to 
determine If there is enough capacity on the assigned 
packet-mode radio channel for the level of packet serv- 
ice required by CDT 1 02. If not, NO branch is taken back 
to block 524 to assign a new radio channel to packet- 
20 mode operation. If there is sufficient capacity on the as- 
signed packet-mode radio channel, YES branch is taken 
from decision block 51 6 to block 520 where a virtual cir- 
cuit is set up in accordance with X.25-LAPB or another 
suitable signalling protocol, which is used by the packet 
25 network coupled to PAP 1 52. For example, if the packet 
network is an X.25 network, CDT 102 would begin by 
setting up a link connection and then generating a virtual 
link connection. Next, at block 522, the packet call con- 
tinues in accordance with the above procedures; and 
30 thereafter the process of Figure 5 ends. 

Referring to Figure 6, there is illustrated a flow chart 
for the process used by the PAPs 1 52 and 1 53 in Figure 
1 for terminating a packet -mode call to CDT 102. Enter- 
ing at block 602, a call connect arrives at PAP e.g. 152 
35 for a CDT e.g. 1 02. Next, at block 604, PAP 1 52 gener- 
ates a message to call control processor 146 for call 
connect to CDT 102. Then, at block 606, a page mes- 
sage for CDT 102 is sent to base site 110 and transmit- 
ted on the signalling channel by signalling transceiver 
40 204. CDT 102, upon recognition of the page message, 
acknowledges the page message over the inbound sig- 
naling channel and awaits information regarding a voice 
and data channel. The page message may be a con- 
ventional cellular paging message which includes an 
45 packet-mode indicator. 

Proceeding to decision block 608, a check is made 
to 6ee if the paged CDT 1 02 is active. If not, NO branch 
is taken to block 610, where a message is sent by call 
control processor 146 to PAP 152 indicating that CDT 
so 102 is not available; and thereafter the process of Figure 
5 ends. If CDT 102 is active, YES branch is taken from 
decision block 608 to block 61 2, where the response of 
CDT 102 to the page message is received at base site 
110. Next, at block 614, base site 11 0 assigns CDT 102 
ss to a packet-mode radio channel. Then, at decision block 
616, a check is made to determine if the assigned pack- 
et-mode radio channel is new. If not, NO branch is taken 
to block 626, where a channel assignment message is 
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generated and sent to CDT 102. Next, at block 628, 
base site 1 1 0 informs cellular switch 1 40 that CDT 1 02 
is in the packet mode for billing purposes. 

Returning to decision block 616, if the assigned 
packet-mode radio channel is new, YES branch is taken s 
to block 61 8, where a new radio channel is assigned to 
packet-mode operation. Next, at block 520, a packet- 
mode radio channel assignment message is generated 
and sent to CDT 102. Next at block 622, base site 110 
sends a port connect message to cellular switch 140 for 10 
connecting the new packet-mode radio channel to the 
requested PAP 152 and informs cellular switch 140 that 
CDT 102 is in the packet mode for billing purposes. 

Next, program control proceeds from blocks 628 
and 622 to block 624, where CDT 102 acknowledges is 
arrival on the assigned packet-mode radio channel and 
indicates the required level of packet service. Then, at 
decision block 630, a check is made at base site 110 to 
determine if there is enough capacity on the assigned 
packet-mode radio channel for the level of packet sen/- 20 
ice required by CDT 102. If not, NO branch is taken to 
block 632 and then back to block 616 to assign a new 
radio channel to packet-mode operation. If there is suf- 
ficient capacity on the assigned packet-mode radio 
channel, YES branch is taken from decision block 630 2$ 
to block 634, where base site 110 informs call control 
processor 146 of arrival of CDT 102 on the assigned 
packet-mode radio channel. Then, at block 636, call 
control processor 146 informs PAP 152 of the arrival of 
CDT 1 02 on the assigned packet-mode radio channel. 30 
Next, at block 638, a virtual circuit is set up in accord- 
ance withX25-LAPB or another suitable signalling pro- 
tocol, which is used by the packet network coupled to 
PAP 1 52. For example, if the packet network is an X.25 
network, CDT 102 would begin by setting up a link con- 35 
nection and then generating a virtual link connection. 
Next, at block 640, the packet call continues in accord- 
ance with the above procedures; and thereafter the 
process of Figure 6 ends. 

Handoff of a particular CDT 102 from one packet- 40 
mode radio channel to another may occur due to insuf- 
ficient signal strength, insufficient capacity of the pack- 
et-mode radio channel, or degradation in bit-error rate. 
Handoffs due to the anticipation of insufficient signal 
strength from CDT 1 02 may be handled in substantially 4S 
the same manner handled in conventional cellular tele- 
phone systems. In the case of bit-error rate, handoffs 
are handled in a different manner. According to the fea- 
ture of the present invention, a handoff is initiated in re- 
sponse to degradation in bit-error rate even though sig- so 
nal strength is at or exceeding an otherwise adequate 
level. Thus, CDT 102 is handed off when its signal 
strength is below an adequate level or its bit-error rate 
is above a predetermined minimum bit rate. 

Measurements of signal strength or bit-error rate ss 
may be performed by transceivers 201-203 of cell site 
1 1 0 for each CDT 1 02 while that CDT is transmitting. By 
means of scan receiver 122, additional measurements 



may be made when desired by polling each CDT 102. 
CDT 102, in addition to base site 110, may monitor chan- 
nel quality thru bit-error rate and/or signal strength 
measurements and transmit those measurements to 
base site 110 in messages being sent for other purpos- 
es. Taking such measurements at CDT 102 is advanta- 
geous since CDT 102 can can constantly monitor the 
packet-mode radio channel, while base site 110 is only 
able to monitor CDT 102 while it is transmitting. 

Handoffs due to insufficient capacity or overloading 
of a packet-mode radio channel may be made by direct- 
ing a CDT 1 02 to another packet-mode radio channel in 
use at base site 110 or by assigning an idle radio chan- 
nel to packet mode operation and directing a CDT 102 
to the new packet-mode radio channel. Handoffs due to 
a change in condition from stationary to moving are also 
possible. A moving CDT 102 may be monitored more 
frequently than-a stationary one by base site 110 to 
make sure that the moving CDT 102 is on a more lightly 
loaded packet-mode radio channel. In addition, a mov- 
ing CDT 1 02 may require a greater signal strength level 
in orderto reliably access the cellular telephone system. 
If a moving CDT 102 can not obtain sufficient signal 
strength by handoff to a stronger or more lightly load 
packet-mode radio channel, a message may be sent by 
base site 110 to CDT 110 indicating this. The moving 
CDT 102 may then be parked and the packet-mode call 
continued or another packet-mode call originated. 

Referring to Figure 7, there is illustrated a flow chart 
for the process used by the base site 110 in Figure 1 for 
controlling handoff of a packet-mode call due to lack of 
capacity on a packet-mode radio channel. Entering at 
block 702, the buffer memory area in buffers 221, 222 
or 223 for a particular CDT e.g. 102 reaches a trigger 
point. For example, the trigger point may be reached 
when the number of outbound packets waiting to be 
processed reaches a predetermined number, or the 
number of inbound messages waiting to be processed 
reaches a predetermined number. Once h has been de- 
termined that a handoff is necessary due to lack of ca- 
pacity, base site 110 may handoff one of the CDTs 102 
to another packet-mode radio channel with excess ca- 
pacity or to an idle radio channel. 

The flow chart of Figure 7 may also be entered at 
block 706 where a particular CDT 706 initiates a handoff 
request for a new packet-mode radio channel. A handoff 
request may be initiated by CDT 1 02 in responseto deg- 
radation in the bit-error rate of received data, a change 
from a stationary condition to moving condition, degra- 
dation in the signal strength of base site transceivers 
201 -203, or degradation in access to or capacity of the 
packet-mode radio channel. 

Next, at block 704, base site 110 generates a mes- 
sage to cellular switch 140 informing it to set up a con- 
nection to a new packet-mode radio channel and trunk 
or port to the corresponding PAP 152 or 153 in prepa- 
ration for handoff of CDT 102. Then, at block 708, cel- 
lular switch 140 informs the corresponding PAP 152 or 
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153 of the new trunk for CDT 102. The corresponding 
PAP 1 52 or 1 53 redirects traffic for CDT 1 02 to the new 
trunk. Next, at block 710, cellular switch 140 indicates 
to base site 110 that the connection is made ready for 
the handoff. Then, at block 712, base site 110 sends a 
handoff message to CDT 102. Next, at block 714, CDT 
102 acknowledges the handoff message on the new 
packet-mode radio channel. Then, at block 716, the 
packet-mode call continues on the new packet-mode ra- 
dio channel; and thereafter the process of Figure 7 ends. 

Referring to Figure 8, there is illustrated a flow chart 
for the process used by the base site 110 in Figure 1 for 
detecting data traffic overload on the inbound packet- 
mode radio channel. Entering at block 802, base site 
110 determines that substantially none of the active 
CDTs 1 02 have attempted to access their corresponding 
packet-mode radio channel over a period of time (e.g. 
the number of inbound data packets received is less 
than a predetermined number). Next, at block804, base 
site 110 requests that a particular CDT 102 turn on. 
Then, at decision block 806, a check is made to deter- 
mine if the polled CDT 102 has responded. If so, YES 
branch is taken and the process of Figure 8 ends. If the 
polled CDT 102 has not responded, NO branch is taken 
from decision block 806 to block 808, where base site 
110 requests that another CDT 1 02 turn on. A failure of 
the initially polled CDT 1 02 to respond may indicate that 
the packet-mode radio channel is overloaded to the 
point where that CDT 1 02 is not able to access the pack- 
et-mode radio channel. In order to confirm that the pack- 
et-mode radio channel is overloaded, base site 1 1 0 polls 
at least two CDTs 102. 

Next, at decision block 810, a check is made to de- 
termine if the polled CDT 1 02 has responded. If so, YES 
branch is taken and the process of Figure 8 ends. If the 
polled CDT 102 has not responded, NO branch is taken 
from decision block 810 to block 812, where base site 
110 orders a particular CDT 102 to another packet- 
mode radio channel of its transceivers 201-203. At this 
point, it is assumed that the packet-mode radio channel 
is overloaded and it is necessary to handoff one or more 
CDTs to another packet-mode radio channel. Next, at 
decision block 814, a check is made to determine if the 
transferred CDT 102 has acknowledged arrival on the 
new packet-mode radio channel, if so, YES branch is 
taken to block 816, where the old packet-mode radio 
channel is checked again as explained above to confirm 
that it is now free; and thereafter the process of Figure 
8 ends. If the transferred CDT 102 has not responded, 
NO branch is taken from decision block 814 to block 
818, where base site 1 1 0 goes through a fault data alarm 
procedure to determine if there is a fault in the packet- 
mode radio channels and associated transceivers 
201 -203; and thereafter the process of Figure 8 ends. 

Referring to Figure 9, there is illustrated a flow chart 
for the process used by CDT 102 in Figure 1 for recon- 
necting a packet-mode call when it is unable to access 
a packet-mode radio channel. Entering at block 902, 



CDT 1 02 determines that it is unable to access their cor- 
responding packet-mode radio channel over a period of 
time. Next, at block 904, CDT 102 attempts to access 
the packet-mode radio channel again. Then, at decision 

s block 906, a check is made to determine if the access 
attempt was successful. If so, YES branch is taken to 
block 908, where the unsuccessful access attempt 
count is set to zero. Then, at block 91 0, the packet-mode 
call continues on the packet-mode radio channel; and 

10 thereafter the process of Figure 9 ends. 

If the access attempt was unsuccessful, NO branch 
is taken from decision block 906 to block 910, where a 
check is made to determine if the access attempt count 
is greater than the variable N, the maximum number of 

15 allowed unsuccessful access attempts. If not, NO 
branch is taken back to block 904 to repeat the blocks 
904 and 906. If the access attempt count is greater than 
the variable N, YES branch is taken from decision block 
912 to block 914, where CDT 102 searches for the best 

20 signalling channel of all surrounding base sites 110. 
Next, at block 916, CDT 102 sends a reconnect mes- 
sage on the signalling channel of the selected base site 
110. 

Then, at decision block 918, a check is made to de- 
25 termine if CDT 1 02 has selected the same base site 110 
which it was previously using. If not, NO branch is taken 
to block 922 where the selected base site 110 informs 
the corresponding PAP 1 52 or 1 53 of the new routing of 
CDT 102. Next, at block 920, the selected base site 1 1 0 
30 sends a reconnect acknowledgement message to CDT 
102; and thereafter the process of Figure 9 ends. If CDT 
102 has selected the same base site 110, YES branch 
is taken from decision block 918 to block 920, where 
base site 110 sends a reconnect acknowledgement 
35 message to CDT 1 02; and thereafter the process of Fig- 
ure 9 ends. 

The flow charts in Figures 3, 4, 5, 6 and 7 provide 
a detailed description of the process steps executed by 
the corresponding processing circuitry of of CDT 102, 
40 cell site 110, and cellular switch 140 in Figure 1 . By way 
of analogy to an electrical circuit diagram, the flow charts 
in Figures 3, 4, 5, 6 and 7 are equivalent to a detailed 
schematic of an electrical circuit where provision of the 
part values for electrical circuit components in the elec- 
ts trical schematic corresponds to provision of computer 
instructions for blocks of the flow charts. Thus, the cod- 
ing of the process steps of these flow charts into instruc- 
tions of suitable commercially available computers is a 
mere mechanical step for a routineer skilled in the pro- 
50 gramming art. 

In summary, a unique packet-switched cellular tel- 
ephone system has been described that accommodates 
multiple data calls on a packet-switched radio channel. 
The improved packet-switched cellular telephone sys- 
55 tern has a plurality of packet-switched radio channels 
for providing packet-switched data services to cellular 
data telephones. According to a novel feature of the im- 
proved packet-switched cellular telephone system, data 
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calls may be handed off from one packet-switched radio 
channel to another on the basis of subscriber signal 
strength, radio channel data packet capacity, radio 
channel data packet traffic, and/or subscriber data pack- 
et throughput. Therefore, while a particular embodiment $ 
of the present invention has been shown and described, 
it should be understood that the present invention is not 
limited thereto since other embodiments may be made 
by those skilled in the art as contemplated in the follow- 
ing claims. 1C 



Claims 

1. A method of handoff for use at base sites (110) of *s 
a cellular telephone system for handing off from one 

of the base sites to another one of the base sites at 
least one of a plurality of cellular telephones (102) 
each transceiving data packets and sharing a eel- 4. 
lutar packet-switched radio channel of the cellular 20 
telephone system, said method comprising the 
steps of: 

storing outbound data packets for each active 
one of the plurality of cellular telephones (102) 25 
in buffer means; and 

sending a handoff message to one of the active 
ones of the plurality of cellular telephones when 
the stored number of outbound data packets 
therefor is greater than a predetermined so 
number. 

2. A method of handoff for use at base sites (110) of 
a cellular telephone system for handing off from one 

of the base sites to another one of the base sites at 3S 
least one of a plurality of cellular telephones each 
transceiving data packets and sharing a cellular 
packet-switched radio channel of the cellular tele- 
phone system, said method comprising the steps 
of: 40 

monitoring the number of inbound packets re- 
ceived from all active ones of the plurality of cel- 
lular telephones (1 02) sharing the cellular pack- 
et-witched radio channel to determine an in- 5. 
bound rate of transfer of data packets; and 
sending a handoff message to one of the active 
ones of the plurality of cellular telephones (102) 
when the determined inbound rate of transfer 
of data packets is less than a predetermined so 
inbound rate. 

3. A method of handoff for use at base sites (110) of 
a cell ular telephone system for handing off from one 

of the base 6ites to another one of the base sites at 55 
least one of a plurality a plurality of cellular tele- 
phones (102) each transceiving data packets and 
sharing a cellular packet-switched radio channel of 



the cellular telephones system, said method com- 
prising the steps of: 

monitoring the number of inbound packets re- 
ceived from all active ones of the plurality of cel- 
lular telephones (1 02) sharing the cellular pack- 
et-switched radio channel to determined an in- 
bound rate of transfer of data packets; 
polling at least one of the active ones of the plu- 
rality of cellular telephones (102) when the de- 
termined inbound rate of transfer is less than a 
predetermine inbound rate; and 
sending a handoff message to one of the active 
ones of the plurality of cellular telephones (1 02) 
when the polled one of the active ones of the 
plurality of cellular telephones does not re- 
spond. 

A method of handoff for use at base sites of a cel- 
lular telephone system for handing off from one of 
the base sites (1 1 0) to another one of the base sites 
at least one of a plurality of eel lutar telephones (1 02) 
each transceiving data packets and sharing a cel- 
lular packet-switched radio channel of the cellular 
telephone system, said method comprising the 
steps of: 

monitoring errors in data packets received from 
each active one of the plurality of cellular tele- 
phones (102) sharing the cellular packet- 
switched radio channel to determine a bit-error 
rate therefor, 

determining the signal strength level of each 
active one of the plurality of cellular telephones 
(102) on the cellular packet-switched radio 
channel; and 

sending a handoff message to one of the active 
ones of the piu rality of cellular telephones (1 02) 
when the determined signal strength level 
therefor is less than a predetermined signal 
strength level and the determined bit-error rate 
therefor is greater than a predetermined bit-er- 
ror rate. 

A method of handoff for use at base sites (110) of 
a cellular telephone system for handing off from one 
of the base sites to another one of the base sites at 
least one of a plurality of cellular telephones (102) 
each transceiving data packets and sharing a digital 
cellular radio channel of the cellular telephone sys- 
tem, said method comprising the steps of: 

storing outbound data packets for each active 
one of the plurality of cellular telephones (102) 
in buffer means; and 

sending a handoff message to one of the active 
ones of the plurality of cellular telephones (102) 
when the stored number of outbound data 
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packets therefor is greater than a predeter- 
mined number. 

6. A method of handoff for use at base sites (110) of 

a cellular telephone system for handing off from one s 
of the base sites to another one of the base sites at 
least one of a plurality of cellular telephones (102) 
each transceiving data packets and sharingadigrtal 
cellular radio channel of the cellular telephone sys- 
tem, said method comprising the steps of: io 

monitoring the number of inbound packets re- 
ceived from all active ones of the plurality of cel- 
lular telephones (102) sharing the digital cellu- 
lar radio channel to determine an inbound rate is 
of transfer of data packets; and 
sending a handoff message to one of the active 
ones of the plurality of cellular telephones (102) 
when the determined inbound rate of transfer 
of data packets is less than a predetermined 20 
inbound rate. 

7. A method of handoff for use at base sites (110) of 
acellulartelephone system for handing off from one 

of the base sites to another one of the base sites at 25 
least one of a plurality of cellular telephones (102) 
each transceiving data packets and sharing a digital 
cellular radio channel of the cellular telephone sys- 
tem, said method comprising the steps of: 

30 

monitoring the number of inbound packets re- 
ceived from all active ones of the plurality of cel- 
lular telephones (102) sharing the digital cellu- 
lar radio channel to determine an inbound rate 
of transfer of data packets; ss 
polling at least one of the active ones of the plu- 
rality of cellular telephones (102) when the de- 
termined inbound rate of transfer is less than a 
predetermine inbound rate; and 
sending a handoff message to one of the active «o 
ones of the plurality of cellular telephones (102) 
when the polled one of the active ones of the 
plurality of cellulartetephone does not respond. 

8. A method of handoff for use at base sites (110) of *s 
a cellular telephone system for handing off from one 

of the base sites to another one of the base sites at 
least one of a plurality of cellular telephones (102) 
each transceiving data packets and sharing a digital 
cellular radio channel of the cellular telephone sys- so 
tern, said method comprising the steps of: 

monitoring errors in data packets received from 
each active one of the plurality of cellular tele- 
phones (102) sharing the digital cellular radio ss 
channel to determine a bit-error rate therefor; 
determining the signal strength level of each 
active one of the plurality of cellular telephones 



(102) on the digital cellular radio channels; and 
sending a handoff message to one of the active 
ones of the plurality of cellular telephones (1 02) 
when the determined signal strength level 
therefor is less than a predetermined signal 
strength level and the determined bit-error rate 
therefor is greater than a predetermined bit -er- 
ror rate. 
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MESSAGE AND SEND TO CDT 



GENERATE CHANNEL ASSIGNMENT 
MESSAGE AND SEND TO COT 
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FOR BILLING PURPOSES 
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SEND PORT CONNECT 
MESSAGE TO SWITCH 
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COT ACKS ARRIVAL ON CHANNEL. 
AND DEDICATES REQUIRED LEVEL 
Of SERVICE 
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ACCORDANCE WITH >C25-LAPB 
OR BDN-LAPD PROTOCOL 
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PACKET CALL CONTINUES IN 
ACCORDANCE WITH ABOVE 
PROCEDURES 
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CALL CONNECT REQUEST ARRIVES 
AT PAP FOR A COT 
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PAP GENERATES MESSAGE TO 
CALL PROCESSING FOR 
CALL CONNECT TO COT 
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PAGE MESSAGE SENT TO BASE 
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SEND COT NOT AVAILABLE 
MESSAGE TO PAP 
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COT TO CHANNEL 
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GENERATE CHANNEL ASSIGNMENT 
MESSAGE AND SEND TO COT 
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3ASE INFORMS SWITCH FOR 
BILLING PURPOSES 
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COT ACKS ARRIVAL ON 
CHANNEL AND INDICATES 
REQUIRED LEVEL OF SERVICE 
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BASE SITE INFORMS 
SWITCH OF COT ARRIVAL 
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FIG. 6B 



SWITCH INFORMS PAP OF 
COT ARRIVAL 



VIRTUAL CIRCUIT SET UP 
USES X-25 PROTOCOL LAPB 
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PACKET CALL PROCEEDS IN 
ACCORDANCE WIW ABOVE 
PROCEDURES 
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END 
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BASE SITE BUFFER FOR 
PARTICULAR COT REACHES 
TRIGGER POINT 
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COT OPERATOR WmATES 
NEW CHANNEL REQUEST 
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BASE SITE TELLS SWITCH TO 
SET UP CONNECTION TO NEW 
CHANNEL & TRUNK TO HAMDOFF 
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SWITCH INFORMS PAP NEW 
TRUNK FOR PARTICULAR COT 
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SWITCH INDICATES CONNECTION 
MADE READY FOR HAKOOFF 
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COT SENT HANDOFF 
MESSAGE FROM BASE 
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NO CDT ATTEMPT TO ACCESS 
PACKET CHANNEL OVER 
PERIOD OF TIME 
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BASE REQUESTS CDT 
TO TURN ON 
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COT TO TURN ON 
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BASE ORDERS COT TO 
ANOTHER PACKET CHANNEL 
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TO SEE IF FREE 
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COT IN PACKET MODE UNABLE 
TO ACCESS PACKET CHANNEL 




COT SEARCHES FOR BEST 
SIGNALLING CHANNEL 



COT SIGNALS A 
RECONNECT MESSAGE 
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FIG. 9 
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